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EXECUTIVE SUMMARY

Highway Rightof Way (ROW) areas are becomingcognized as potaat alternative energy
resourcs in many stateDepartments of TransportatigpOTs). In an era of limited state DOT
budgets, ROW areas caa & source of income to DOTSs throwgternative energy development,
especially in the area of solar energy. State DOTs and pfaieay Authorities have been
leasing ROW aresto energyproviders to offset carbon footprint emissiongmobtain financial
resourcs throughlong-term leas agreements. The use of ROWIr solar energy generation has
been used extensively in Europe for the past 30 years.

Highway ROW areas have physical and topographical characteristics that complement the
generation of solar emngy such asl) well maintaned vegetation2) easeof accesgo the solar
arrayfacility adjacenta the road) electricakransmission lines ofteiollow the ROW alignment

and4) minimal presence dfees omtherobjects thatan obscure sunlight

This research study has identified numerous CDOT concerns and potential impacts associated with
the leasing cACDOT ROW toenergyproviders. TheColorado State Universiiyueblo CSU-P)

Team collaborated and coordinated with the following CDOT orgaoizatidepartments to
identify concerns and potential areas of impact

Environmental Programs Branch (Wildlifé/ater Qualityand Sustainabilify
Regional Highway Maintenance

Right of Way Management and Permits

Regional Environmental Management

RegionalTransportation Design Engineering

Headquarter3raffic andSafetyBranch

= =4 =4 -8 -8 -9

Some of theareas oimpactidentified by the CSLP Team are not significaand would not be
expected to affect implementation. Others are rpotentiallysignificant and for those impact
mitigation measureareproposedncluding proper project siting, administrative controls, proper
design criteria ROW management and engineering control§he main potential impacts
identified in this research study arefallows:

Snow driftand deposition

Glare/glint from solar panels

Water quality management (construction and post construction)
Driver safety associated with solar array structure collisions
Driver awareness and expectation

Accessand safety during sal array maintenance

E B

The researcheam was able to develogecisionmaking tools that can be used hlyther DOT
Management anenergyprovidersin other sections of the countwho wish to develop a solar array
onaDOT ROW.

These tools include the folng:

Vi



Glint and Glare Hazard Models

Solar Array Siting Criteria

Solar Array Impacts and Mitigation

Solar Array Risk Impact Matrix
Sequence of CDOT Coordination Actions
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IMPLEMENTATION STATEMENT

Currently there is no guidance for DOTsat consider usingheir ROWs for solar energy
generation using ground maed solar array CDOT recognizes that there are highway,
environmental resoursegROW operatios and maintenance impacts that need to be identified and
mitigated before a solar array is allowed tdobét withina CDOT ROW

This research report provides guidance for CDOT and other DOTSs to use their ROWSs for solar
energy developmentThis report carlead tothe development od guidance document entitled
Standard Considerations and Operating Proesifor Solar Arrays in CDOT RO8Which is
currently under developmenity CDOT. It is recommended that this report be provided to all
CDOT decision makenmegarding the consideration afowing solar arrayto be constructednd
maintainedwithin theROWs for a20-25 yeartime period,. The following representatives should
useand implementhis report asa main reference documeiitCDOT decides to use their RQ3W

for energy development:

Environmental Managemeitthis report should be a main referende environmental
professionals who will need to coordinate an environmental analysis according toNGDOTal
Environmental Policy ActNEPA) procedures and federal regulations. The report will provide
CDOT a list of environmental criteria that mustea@luated by amterestecenergyprovider.

Safety Engineeringengineering controls necessary to address driver safety concerns are provided
for reference. Proper solar array siting, orientation and location vatidrout ofthe Clear Zone
arecritical to highway safety.

Highway MaintenanceHighway operation and maintenance impacts asgbciatednitigation
strategies are provided for mowing operations and winter time road maintenance. Snow drifting
and deposition concerns are addressedemehort.

ROW ManagementThis report will provide a broad overview of the impacts associated with all
activities within the ROW whilamplementing solaenergydevelopmentThis report will be a

main reference to ROW management statewide that will peothid information necessary for
CDOT officials to ask the right questions and ask for the right feasibility studies prior to solar array
design, construction and maintenance.

It is recommended that CDOT explore the use of their ROW for solar energy pieesio The
ROW represents &DOT resource that can provide financial revenue by ledsing spaceto
energyproviders who can generate the electridibat can be placed dheelectricalgrid, andbr
sawe energy cos by generating the energyn its ownpropertyto powervarious transportation
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assetsuch asnaintenance facilities, rest areas, &mlight interchangesetc Electricity generated

from solar energganhelp toreduceC D O Taarbon footprinand supportheSt at e of Col or
Climate Action Plan. In addition, implementingPhotovoltaic (R) projects with a good
understanding othe associated risican help CDOT to minimize undesirable impacts and
implement good environmental stewardship
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CHAPTER 1. INTRODUCTION

1.1Background

The alventof solar energy utilizatiom highwayinfrastructure around the countmgs beerncreasingn

recent years. Colorado is one of several statesatiigh solar insolationrankingfifth out of 50 states

(Denholm and Margolis, 200.7 Effective utilization ofphotovoltaic (PV) systems locatedvacantRight of

Way (ROW) areas acroghe State oColorado hashepotential to produce a significant amount of
electricity. The Colorado Department of Transpart i dcCD@T$coimitmento explore and evaluate the
highway ROWs for possible solaarrayinstallation is a proactive step As r e pAssessmehtof n t h
Colorado Department of Transportation Rest Areas for Sustainability Improvements and Highway Corridors
and Facilities for Al(Kreeninskiatal, 2081 CP@Tehasa estirbbsed5,5980 0] e C
Giga Watt Hour GWh)/year of electricitygeneratiorcapacityassociged with solar energy development

within theexistingROW area statewide Typical spaces available for solar eneggyeratiorare rest areas,

land outsiddROW clear zones, space adjacent to interchaagd CDOT building roof tops.Based on the

space aviéability andsitecharacteristicsroad orientationPV arraydesign anenergycapacity PV arrays
couldeffectively be installedn CDOT propertyln addition to theavailablespace ROWsoffer electrical
infrastructure corridorsekistingtransmissionines aligned with the highwaysvell maintainedsecure land

and easy acce$sr construction and maintenanckligh solar insolation provides an opportunity for CDOT

to develop solaarrays across much of the State of Colorado.

Thedeploymenbf solararrays along highway ROWis relativelynew in North AmericaThe Oregon
Department of Transportation (ODOWasthe first statelepartment ofransportatioDOT) to employa
solar arraywithin its ROWs. In 2008, ODOT initiated the construction of thdaBdlighway Project near
Portland, Oregornomprised of 594 solar panegpducing about 130,000 kilowatt hour (kWh) annually
(Poe and Filosa, 20)110ther state DOTandvarious private tollvayshave also implemented solar
technologies for electiity generation within their ROW/

Most of theDOTsand the Federal Highway Administration (FHW&e inagreenentthatsolar array
deployment along the ROW is possible aftarefulsite evaluation and impaanalysis Initial feasibility
studies and the National Environmental Policy Act (NER®)the cuent evaluation process&he main
potential concerns associated wsthlar arraydeployment in the R@ and the main focus of this study
include

91 Driver safety
1 Highway operatiorandmaintenance
1 Environmentaimpacts

Introducing a larg®V arrayhasthe potentialto change driver expectatiorB0OT maintenance practices and
theoverall transportatioenvironment and itdynamics These and other potential impacts need to be
analyzed for safe implementation¥ array along highwayrROWs



A team of profedgsnals from academia and engineer{tige Teamwith substantive knowledge and
experiencen solararray designgdeployment, environmental impacts, highway safety and CDOT ROW
investigate potential impactassociated with solar energy developm@&hts effort createdh roadmap for
impact analysis and developed a compreherd@egsionmatrixto aid CDOT in managing ROW energy
developmentCDOT representatives such as Project Managers, Right of Way Managers, Maintenance
Managers and external enengviderscan use this knowledde identify and manage risks associated with
PV arraydeployment.This report contains the following chapters and information:

Chapter 1Introduction

Chapter 2PV Array in ROW

Chapter 3Regulations and Permitting Requirements
Chapter 4 Field Study Findings

Chapter 5Impacts from PV Array Development
Chapter 6 Mitigation Analysis

Chapter 7 Conclusion and Recommendations

A brief summaryis presented in Appendix fat is meant to bestan@glone guidance documemtnd a
starting pointfor policy makers and energyoviders CHAPTER 6 presents the mitigatistrategieswhich
might be useful to the project designers and field professionals. For comprehem@vgtandingf the risk
factors and impact understandimgmaining chapters could be referendddt PV arrag are only
considered in thisesearcHor impact analysis. PV array or solar arrajnterchangeablysed throughout
the document.

1.2 Project Objectives

The main goal of this project is to identiyitical environmental, safety, operation and maintenance impacts
associated with the potential developmen®Pdfarray in CDOT ROV followed bypotential mitigation
considerations associated WRN arrayprojectplanning, design, constructioandoperation and
maintenancelo study the potential impadise Team will identifed and evaluatthe current ROW

physical characteristics and operational conditieits consideration o¥arious PVarraydesign criteriaand
operationalvariablesRisk facbrsareidentified and mitigation strategies conceptualized to eliminate or
reduce potential impact¥he following are the main objectivesthis research project

Develop a general model of a solar highway focusing on user safety and maintenanassactivit
Study and analyze the impact of highway PV ar
Study and analyze the impact of highway PV array on road mainteaadaperations

Evaluate and assess the impact of highway PV amagnvironmental resources

Identify and list tle critical risk factors in PV array deployment and develop risk reduction strategies
Provide CDOT a guidance manual that will provide basic considerations and requirements to address
CDOT environmental, safetgperationand maintenance expectations

1 Make design and safety guidance recommendations pertaining to highway PV array design,
installation, operations and maintenance
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1.3 Project Approach

The first step in this research projecvolvedaliteraturesearchof PV array and related impacts associated
with state DOT highway ROW&lational and international projeGesxperiencesstheyrelate to motorist
safety, environmental impacts, and ROW operations and maintewanestudiedThe literature search
involvedthe stuly of reports published by various transportation and energy organizations such as the
Transportation Research Board (TRB), National Renewable Energy Laboratory (NREL), the Federal
Highway Administration (FHWA)QOregon Department of Transportatidd¥OT), CDOT, and other
international professional organizatioii$ie NEPA studies and potential impacts from the California
Department of Transportation (CALTRAN®ere alsaeviewed

The second step was to study the base line conditions and find patentiains by conductingfacus

group discussiowith CDOT functionalrepresentatives whare currently involve in highway management
activities and whose functional responsibilitiesuld be impacted by the placement of solar array systems in
theROWSs sud as:

Highway Maintenance Representatives (Region 1)
Design EngineerfRegion 2)

Right of Way Managers (Regions 1 and 4)
Environmental Representatives (Region 1 Heddquarters
Traffic andSafety Engineers (Headquartersd Region P

= =4 4 -4 A

A conceptuaPV arraydesign was developed to facilitate the discusgiith CDOT representativesbout
potential impacts of solarraysin ROW areas. Ampenquestion and answer session followedabwyctive
discussion served to gather informataord understand coneer The Teamalsocoordinated meetings and
visits with external CDOTentitiesthathave implerented solar mays within or near highway ROW areas.

The thirdstepof the researclas field study and analysisshichwascritical for thecollecion and
evaluaion of impactrelated data to assetbeir effects anddevelopmitigation strategiesTheoverall
research methodology approastshown inFigurel.

Figure 1. Research Study Approach Framework

Literature Search
\@J

N

Experts Opinion Field Studies

. — ==Y
. Pt Wy -
'
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Potential impacts identified in the literature seasgnieexaminedduringthe field stuées and the outcoes
wereverified by the experbpinion and vice versdhe Team performed field stigsof conceptual PV array
developmentocations alondnterstate 701¢70), Interstate 761¢76) andInterstate 251¢25). This triangular
relationship comprising the literatusearch, expert opinion, and field stusBrved for the validity of the
research outcomén impact matrix(Tablel, AppendixA) wascreatedo quantifyimpactandanalyzethe
risk levelby summarizinghe most of the contributory factora. flowchartwasproposedo identify

optimum site locations based upon solar efficiencies, safety risk, environmental irhjggmtsayoperatiors
and maintenance activitieBhe research was conducted in close collaboration with CDOT amelpibt
summarizethe research results, findings, conclusions and guidance recommendations.

1.4PV Array i n ROW - Model

PV array use solar cells thabnsistof layersof semiconducting materiglsshich convert light energy to
electricity. Silicon (single crystalline, mtilcrystalline, and amorphous)elgcrystalline thin films (copper
indium-diselenide, cadmium tellurgd and thirfilm silicon) and sngle crystalline tim film (gallium
arsenide) areommonly used materials for solar cg€Néah, 1998) Solar cells are cobined into a module
and the moduleare connected together to form an arfi@ya practicabpplicationof energy generatiom\
simple model of a PV array in a ROW is presentédeéigure2

Figure 2. Hypothetical Model of PV Array in ROW

S. DC Side Isolation Switch -
C. Charge Controller DC Connections

B. Batteries AC Connections
I. Inverter

Ty A
th A2 s

A PV panel, charge controller, inverter and transformer are the main components of a PV array. A charge
controllerhelps to regulate the voltage before connecting the power to inverters. The inverter converts the
DC electricity coming from the PV into AC, and the transformer consequently steps up the voltage in order
to supply the power to the grid. In an-gffid sysem a battery and local DC load are connected to the charge
controller ROWSs constitute varying landscapes with or without a slopedscapeand road orientations

might help or hinder the PV installation. Locating a PV array next to a road witispegdvehicles might

need extra safety considerations in comparison to a system installed in an isolated location.



CHAPTER 2. PV ARRAY IN ROW

Initially, PV array wereintended to supply power for temporary needs such as message boards,aighage
weather infomationin remote locationghusreducing electrical transmission infrastructooss (TRB,

2011) The simple small modular systetid nothavenoticeable undesirable impackfowever largescale

PV arraywith an increasgsizeenhanceshe systemcomplexityas well as potentiainpacs. This section
highlights a few of the PV projects and programs that are implemented nationaltyeandtionally to
understand the various constituent®dfarrays and their impadto transportation

2.1Existing PV Array in ROW and Rest Areas

In the United StatesDOTs inOregon, California, Massachuse@hio, Wyoming, Michigan Texasand
Floridaare activelydeploying PVarrays for power generation. Some of the projects from some of these
statesarepresentedbelowas examplg

Oregon Department dfransportation (ODOT)

ODOT isthe leader inappingsolarenergyresourcesvithin the ROW. As per the State of Oregon

Go v e r Direativets state agencief®r achievwng their future energy needdy using 100% renewable
energy, ODOT plans to offset alf theirelectrical usage visolar and wingenergy(Poe and Filosa, 20).1
In 2008, ODOTimplemented &olar Highway Project near Portland, Oregbiat comprised 594 solar
panels and is currently producing about 130,000 kilowatt hour (kWh) aniteBlWA, 2012) As per
conversatioawith theODOT Program ManaggiHamilton, 2013) nospecificNEPA impact analysigor the
solar array developmemtas performed

In 2013,0DOT performed a sitpre-feasibility and impactnalysisfor the West Linn solar highway project.
The feasibility studyisinga basic NEPA methodologyssesseninpacts tdiological resources, wetland and
water quality issues, hazardous materials, noise, visual and aesthetic resources, socioeconomics,
geotechnicalarchaeological and historical resourcasj airquality. Additionalresources that coulthve
impactsfrom aPV arraywere also investigated suchedsctromagnetic fieléffects, wildfire risk potential,
social effects such as crime and vandaliand the potential for glare. None of tfigk factorswere found to
be negatively affectely the PVarray. During the feasibility studyit wasconceptualizedhat the PVarray
could be a protective barrier, which could prevent wildfire spreg@iogd Company, 2010).

Massachusetts Partnent of Transportation (MassDOT)

MassDOT in conjunction with the Town of Carver installed a 122RWarrayalong U.S. Route 44 in the
State of Massachusetsn airspace leasgection3.3) was granted for the statevned land by MassDOT

with a recuring annual paymenand the electricity generated from the project is being used to support the
power demand of a nearby waste water treatment facility in the North Carver Water Ois&iptoject is
locatedbehind an existing guardrdb ft. away from the roadway along an easst state highwayOne of

the easement conditiopsovidesDOT a right to reuse the land if needed for future road expafBamnand
Filosa, 2011



In December 2012, Massachusetts Department of Efeggurce$MassDOER), in cooperation with
Massachusetts Department of Environmental Protection (MassDEP) avidshachusetts Clean Energy
Centre (MassCECpublished a repotitled i @anEnergyResult® for theground mounted solarray The
report was developed help local decisioimmakers and community members to investigate the potential
impacts from the installation &V array. Most of thempactfactors considered such as hazardous material,
ambient temperate, noise, glare, electrmagnetic fields and wat&rereconcluded noto be affected biPV
arrays (Mass.gov, 2012)

Ohio Departmat of Transportation (Ohio DOT)

TheOhio DOT in conjunction with the University of Toledo deployed a K®@0Osolar array in its highway
ROWadjacenttd he Vet er anos BadgarsT®ledg, iOhios ThE degticeyygenerated from

the solar array is used to offset the electricity demand associated withtalig®ed structuren the bridge

which hasabout 384 lighemitting diods (LED). The 100 kW test arragonsistingof both rigidand flexible

solar panels made in Ohio is used to evaluate and identify problems that might arise from the implementation
of PV array within the highway ROVWWMehmet Emre et al., 2013)

Sacramento Municad Utility District, California

The Sacramento Municipal Utility Districtvestigated thelevelopment of PV arrayprojecs at two potenial

sites along the Highway Sfbrridor within the California Department of TransportatioALTRANS)

ROW (Burleson Consulting, July 2011Jhe project®nvisionedacapacity of 1.AMW butwerenot
implementedFlatplate PV arrays and concengdphotovoltaic (CPV) array technologiegre

investigated for th twolocations (East Sacramento section and Mather Field interchange setherpre
feasibility and potential impact study concluded that the proposed project would not contribute incrementally
to an environmental change impactwhen considered in combination with other projects in the areh

therefore the project would not create a significant impact.c&wainidentified potential impactspecific
mitigation measueweresuggested to reduce the impact to afleaasignificant level

Michigan Rest Area Applications

In September 2011he Michigan Department of TransportatidiDOT) awarded a contract to develop and
install technology to convert solar energy into electricity at three MDOT rest(@&&8$1TO Journaj

2011) Two rest stops in the Upper Peninsula and one in southeast Michigan use three separate, grid
connected solaarrays to lower overall energy costs while demonstrating the feasibility and benefit of
photovoltaic energy generain. The project is 100% federally funded with a grant from the U.S. Department
of Energy. MDOT will oversee installation of the sedarergy systems along Interstate 75 in St. Ignace,
Interstate 94 in Chelsea, and Michigan 28 in Seney. Each piopeignedto havea lobby kiosk that will
display reaitime information about energy savings.

InternationalSolarPV Applications




Internationally, European countribave beemeployingPV array along the ROW foover thirtyyears. The
approacksto PV arraydeployment on ROWaredifferent among the countries, depergupon the nature
of the ROW andhetype ofexisting infrastructurePrimarily, PV arraysre deploye@n noise barries
alongside highways and on top of autwbiletunnels. Noise barrisrare principally installed to protect
residential or commercial areas exposed to highway noise pollution and provide the ability to generate
renewable energy by adding PV par(ske AppendixB).

Relatively lower solar insolatiorin Europearcountriesrequires more space fetectricity production
throughPV systemson a largescale They tend to utilize mogif theavailable spacgfor examplethe
noise barrierslong Europeammotor and railwaysften stretclover manykilometersand areused for
electricity production Countries such as Germany, Spain, and Italy implemented many solar highway
projectscalledthei S o Roadwagd(EuropeanCommission, 2000)

The combination of power generation and noise protection capability makes PV array noisedujaicers

to the roadhn attractive option in the highway ROW. PV array could be installed on top of the existing
structural supprt of the noise barriettilizinge xi st i ng structures | osa@ngs t h
partof thesupport structurenstallation costg&nd time This costsaving benefit enables a c@dtective use

of solarenergyin many locationsSee AopendixB for the examples of noisbatementsolar array systems

along highwaysn theEurope

Germany and Spain aveell paised with quantitative tools to analyze potential glare impacts and are
equipped with established procedute@enforce the impacemediation measurek Germany, befor®V
arrays are installedglare analysis and the influence of glare on passing dis/pesformed and approved by
the government authority. Permission will not be granted to i®taiirrayalong highways unleghe
assessment process is comp(®leseberg, 2012)In Germany, any structure within 100 metE328 feet)

of a federal motorwagr within 50 meterg164 feet)of certain federahighways requirea permit from the
Regional Highway Authorityand nothingcanbe built within 40 metex(131 feet)in federal motorways and
20 metes (66 feet)in federal highways. The clear zone is 10 neté8 feet) Within the clear zond?V array
projectscan be permittetly a special planning procedwlepending on individual case revi¢Rersenetal.
20117). This process ensures that there is no influence or increased accident risk for drivers due to PV array
glare. The review of existinPV array developments suggest that to avoid any undesirable circurastance
resulting from PVarraydevelopmentan impact study isnportantthat considerfactors such aspecific
technology, geographic locations, road condgjamientation and localrezironment.

2.2ROW PV ResourcePotential and Potentiallmpact Concerns

In 2011, TheCDOT Division of Transportation Development (DTD) Applied Research and Innovation

Branch completed research project on the availability of alternative energy statewide within the CDOT
ROW. The report entitled AAssessment of Col orado
Sustainable Improvements and Highway Corriddiighlightedthe solar enesggeneration capabilities

within the CDOT ROW. The following summarizes the salient aspects of the report to this project:

CDOT maintains 9,144 linear miles of roadway ROW and numerous other properties including rest areas,
mai ntenance yards, remnant parcel s andmoeth&ni3@e c o
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days of sunshine per yeiarconduciveo alterndive energy production from solarray. A resource rap
waspresented in the repddr the entire State of Colorado to show the location and distribution of solar
resourcesgiving anestimate theoretical maximum amount of energy freolarfor CDOT Restarea
maintenance facilitieare some of thasse$ within or near the ROWhat can accommodaggound mounted
or roof mounted solar arrgikreminski,2011).However, the estimates presented in the previous report did
not consider specific details such as the size of the clear zsiagcriteria therefore thectual capacity

of the ROW would be different. In addition, spaces orbtidgesand noise wallsould also be considered

as potential aredsr PV array installationvere not included

2.3 BaselineConditions and Concerns

Colorado receives solar insolation in the range of 8.08 to 10.38 GWh/acre/ghdhe highest in south and
southwestern locens (from the San Luis valley west to Cortez) within CDOT Regions 2 and 5 (NREL,
2009). Previous research studies performed by CDOT indicatalthostheentire CDOT ROWhasspace
available for some kind d?V arrayinstallation Figure 3showsthelevels of insolation and the major
highways in the State of Colorado. The areas marked in thicker red lines identify the potential areas for
setting upPV array inCDOT ROW that argreater than 200 ft. widgreminski et al., 2011)While it can

still be feasible to set up solarrayin ROWSs with a lesser area, key findings from literature and expert
interviews suggest that ROWs with a minimum width of 3@riémore appropriate to reduce the impacts,
since they provide adequate areadiactricitygeneration while maintaining efficieROW operation and
maintenance actions.

Figure 3. Insolation Levels for Colorado

* Potential areas for
solar highway with
ROWSs> 200 ft

Legend

ROW Either Side of Roadway
(ROW Less Road Surface + Median/2)

@D : 200Feet of ROW

w— 550 Feet and <200

Annual Average Solar Resource Potential and Acres

0ad

Based upon the scope of this research project, the area for pdehaahyfield studylocationswas
focused upon-V0 (easfrom Denverto the Kansas State linand Interstate Highway16 up to the
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Nebraska State Lin®ased on the map amloefield studes, baselineROW conditionsamenable to solar
arrayscan be summarized as follows

1 Many areas haee ROW width beyond the Clear Zone (30ffom the edge of pavement)

1 Some areas ka greater than 200.fof ROW

1 Most of the ROW¥ arein rural setting that might be most desirable for energy development within
CDOT ROWs

1 Maximum vehicle speefinterstatenllowed in Colorado is 7&ile per hou(mph)

1 A variety of road orientatiagis available: straight roads in a long stretch of the eastern plaing bend
and slopes in the mountajrighways runnindpoth eastwestandnorth-south

1 ExistingPV array in and next to highwaygresented in CHAPTER 4ut notin CDOT ROW

1 Areas available that have spaceateommodate largeV aray (2.5 MW and mor¢

The Team conducted meetings with CD@fvarious points during the studgdat differentCDOT

locations such as CDOT Headquarter CDOT Maintenance Branches in Limon and DenveZDOT

Region 1, and Region A wide range of solar array ideas, concerns and implementation ideas were obtained
from discussions with CDOT representaivaboutROW procedures, guidancadapermitting processes.

The following generally summarizes the main issues identified by CDOT representatives:

1 The CDOT Environmental Representatives haoktential impact concerns aboutstormwater
management, ecosystems, noxious weeds, prairie dog esldrird migration, wildlife migration
disruption and the attraction of wildlife BV arras.

1 The CDOT Safety Engineering Representatives had a concern that a stationary objdt¥ ldeay
within aROW (but outside the Clear Zone) miglatuse drivefatality if the vehiclegoesout of
control and collidewith the array framework/structur€he location ofPV arra either behind the
existing guard rail or in isolated places away from the highway is the best. There are engineering
approaches that cdre used to mitigate potential safety issues sueddsmgberms,installingcable
guard rai$ or constructing newuardrailsalongside the roadway.

1 CDOT Traffic Engineersvereconcerned about traffic flow and lighting systems. Access and egress
of maintenance vehicles usednaintainthe solararraycouldchallenge the smooftow of traffic
and be a potential safety iss@gnage along the highway will be needed to aleviedsi of
upcoming maintenance actions to avoid sudden stopping or dramatic slowdowns in traffic speeds.

1 CDOT Maintenance Representatives had snow manageamehROW mowing concerns.
Maintenance representatives voiced concerns about chgragtegns onow drifting and depositio
along the roadway that could result in unsafe, icy conditioise driversThe application of
chemical deicer (magnesium chloride) could cover the panel surfaces and require additimal/PV
maintenance. Snow plow blastom snowclearing could hit odamagehe PV panels and structure



thus requiring additional PV maintenance. Grass cutting operations could be obstructed by the
placement of chain link fencirayound the solar arrays

The CDOT Right of Way Representatives were concerned about the number of times an energy
providerwould need to access the PV arrdahefrequentPV array maintenance actiongquire
increased ROW parking and the use of equipment near the roadway thatpaeadriver and

worker safety thus requiring traffic control plangisits by low speednaintenanceehiclesimpacts

traffic safety. It is possible that during Rirayconstruction and maintenance actions, a Traffic
Control Plan would need to be demeéd and managed by the solar energy provider and CDOT. Itis
preferred that solar array access be provided frordgacenfrontage road and not directly off the
highway. Detail of focus group discussion is presented in Appendix C.

CHAPTER 3. REGULATIONS AND PERMITTING REQUIREMENTS
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Disclaimer. Summary of thexisting rules and regulations presented here as a reference. This is not a
comprehensivist; one willing to implemerdan actual PV projectin ROW needs to follotheregulatiors

that are currentt the time of projeatievelopmenéind needs to coordinate closely with their CDOT Project
Manager

Thedeployment oPV array withan operational life of at least 25 years along the highway ROWbisya
term projectand needs to abid®y the existing procedures and regulations followethbYpOT in ROW
development and lortgrm managementhe requirementthatneed to be followelly an energyprovider
during projectesign, construction, operation and maintenanegresented

3.1ROW Design Requirements

CDOT has a responsibility for the safe and efficient flow of traffic along highways. Consequently, the safety
of drivers and working crews is vital. To help avoid accidents, it is necessary to identify a gesigral de
approach for renewable energy installations near the roadiayanual on Uniform Traffic Control

Devices and FHWA safety guidelines were referenced directly in this re8&8HTO 2011)and he

American Association of State Highwawnd Transportation Official AASHTO) Roadside Design Guide

(RSDG is a standat for ROW design and management

3.1.1 AASHTO Definitions
Pertinent AASHTOdefinitionsare as follows:

T TheCl ear Zone is defined by t he stihPabthaeslge dfthe e t «
traveled way that is available for an errant driver to stop or regain control of a vehicle. This area
might consist of a shoulder, a recoverable slope, and/or-eeconerable, traversable slope with a
clearrunout areaaté t oe. O

1 CrashCushions are systems that mitigate the effects of errant vehicles that strike obstacles, either by
smoothly decelerating the vehicle to a stop when hitdogadr by redirecting the errant vehicle.

1 Guardrails which might be flexible or rigid, help guide the off track vehicle back to theTitmad.
type of barrier would protect the driver and help decrease the severity of accidents freszn head
collisions with the PV array.

1 Lateral offset on the harontal curveof a roads the space between the road and a line connecting
two ends of the curve.

1 Breakaway are design features which allow a device such as a sign, luminary, or traffic signal
support to yield or separate upon impact. The release mecharayg be slip plane, plastic hinges,
fracture elements or a combination of these.

3.1.2AASHTO Requirements

The National and Industi$tandards in the Rules & Regulatio@side require that aDOT agencies adhere
to the following:

T AA Gui de f oing WldiesomthimndHlamvay Rightof-Way , 6 AASHTO, Oct «
edition
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T AA Policy on the Accommodat i eoRWao/f, 0UtAIAISIHITIOg s O
2005 edition
f ARoadside Desi gmMedition2dd06, AASHTO,

3.1.2.1AASHTO RSDG
Applicable RSDGuidance iss follows

1 Most highway agencies provide at leastft3@f clear zone (traversable and unobstructed roadside
area) for highvolume, highspeed roadways.

1 RSDG discusses specific guidance on the location of fixed and/or permanent appladatigrtbe
roadside

1 Fixedor permanenstructures such aBV array must be adequatefyrotected fronthe effects of
ambient conditions (e.g. ice and wind loads, temperature) and meet or excRASHIEO Standard
Specifications for Structural Supports fdighway Signs, Lumin@es and Traffic Signals

1 AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaries and Traffic
SignalsandNCHRP Report 350st criteria that a breakaway support will fail in a predictable
manner when stick headon by an 180@oundvehicle or equivalent, at speeds ofr@ph and 60
mph. Breakaway designs are intended to reduce the severity of an accident rather than to reduce the
frequency.

The existing RSD@oes not have a direct provision fenewablesnergyinstallations however these
requirements need to bellowedin installinga PV arraywithin the RON.

3.1.2.2Federal Regulationsand Standards

The following includes the Federal regulations and standards that must be followed while accommodating
utilities in the Right of Way

T ARIi ghts of Whghways] 2B CHRt.R3eApi2 B, 2008

T AUtility Relocations, Adjustments, and Rei mbu
T A"AAccommodation of Utilities, 0 23 CFR Part 645
1 Air Space Lease2CFR 710

f ATransportation of Natwural and Other Gas by P

Materials Regulation Board, [Title 49rransportation] 49 CFR Part 192, October 1, 2007
T ATranspor t abyiPpaineoMinimum $afety Standarxd 6 Haz ar dous Mat er
Regulation Board, 49 CFR Part 195, October 1, 2007

3.1.3Maintenance and Operations ROWConsiderations

Traffic flow, road maintenancenduser safety are the major functional componehtsghwayoperation
and maintenance. The following is a list of the RO¥isiderationbased on road maintenance and
operations:
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Snow removal during winter and mowing during summer are maintenance responsibilities, in
addition to repairing pavements and struct@30T, 2012) CDOT follows the AASHTO
guidelines as applicable.

Foramaximum speed limiof 75 mph on the interstate freew@yHSA.gov) a30foot ClearZoneis
critical for drivers to recovezontrol if the vehiclegoes off the roadwayewrigid objects in the
ClearZone helpreduce the severity of accidents.

Laneshift and reduced speed are some of the characteristics of a worlOp@mespace for road
diversion,maintenance storagmaintenance activitgnd a&cess roasifor maintenance vehiclege
desirable fofasterroad maintenance ammttertraffic flow (AASHTO, 2011) Traffic Management
Plans are often required by CDOT for construction and some maintenance actiomsigwithin
the ROW.

3.2ROW Environmental Regulations

3.2.1Environmental Requirements

CDOT6 s ¢ o mrtoithe pretection and preservationtiog state environment requiseenergyproviders
to comply with federal,tate and local environmentadgulationsand land useequirementsn all projects
and activities.

Wherever significant adverse social, economic or environmental impacts may result from the ROW work,
the utility owner(PV developer in this casshall comply with applicable Federal, State aohl laws,
regulations and codes. PV projects shall foltbe following environmentakegulations

T

Maintainai r quality, (AColorado Air QuandmiimizeCont r
noise 5-12-103, CRSor noise contrgl

Minimize the geeration of hazardous wastes {Z»101(9), CRS) resulting from operations, take a
prompt action to remove/ dispose/ treat any such wastes from ROW, (Title 25, Article 15FGRS)

solar array support structure foundations, proper attention should betdadeoid any contact with
subsurfacéazardos waste

Maintainstormwaterquality during onstruction and post construction (Title 25, Article 8, CRS)
AProtection of Fishing Sadmantastemporafyerosiohand 33, A
sediment contral(CDOT, 2002).

Comply with all requirements of an applicable permit and all special conditions by the US Army

Corps of Engineers, when impacting wetlands, placing dredged or fill materials in waters of the State
of Colorado for utility lire crossings or construction.

Avoid construction or other activity in wetlands unless there is no practicable alternative to such
construction or activity and provided that all practicable measures are taken to minimize harm to
wetlands which may result fno such use.

Perform advance cultural resource investigations, as necessary for the Department to comply with the
ACol orado Historical, Prehistoric and Archaeo
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ACol orado Registen ,of THitdteorRidcalArRIli &d es 8Ac 1,
State and local agency rules and regulations.
1 Require an environmental review under the National Environmental Policy Act

3.2.2ROW Environmental Guidance

When directed by CDOT, utilitgompanyand/or energy provideshall perform advance natural resource
investigations in the vicinity of all proposed buried or abgr@und installation, as necessary, to comply
with the Endangered Species Act of 191& Migratory Bird Treaty Act and the BalddGolden Eagle
Protection Act.

Any cultural resource investigation shall be performed by a Colorado permitted archaeologist. Such
investigations, and proposed mitigation if any, shall be subject to review and concurrence by the Colorado
State Historic Prgervation Officer

As pertheWater Quality Control Division (WQCD) dghe Colorado Department of Public Health and
Environment (CDPHE)theutility owner shall contad€DPHE to obtain &€olorado Discharge Permit
System (DP9 StormwaterConstructionPermt applicable to construction sigormwaterunoff, drainage
from utility line casings, equipment wash water

According to NEPA requirements, each action in the highway ROW that is classified as a potential major
federal action must comply with NEPA retgments and other relevant environmental regulations. Federal
actions are projects that use federal funding, requiederal permit, or requirefa d er al agencyods
The appropriate NEPA action is determined by the significance of the envir@iingpéact of the project

being proposedActions in the highway ROW that do not individually or cumulatively have a significant

effect on the environmemtay be covered under a Categorical Exclusion level document (US DOT, 2012)

3.3 Utility Accommodation Policy and Airspace Leasing

The FHWA has developeBOW guidance (23 CFR 710 Subpart GHWA, 2013)for utilities that are
appropriate for ROW alteative energy generatiomhich issummarized nReriewable Energy Generation
in the Highway Righof-Wa y 0 ( V o | The instaliatibbrbf3enewable energy in the ROW can be
carried outin two possiblevays aproject that serve&he public" can be accommodated under the DOT's
approved Utility Accommodation Policy (UARY) projects forprivate or proprietary use nestt be
approved under airspace leasing requirements

In Colorado, CDOT has the authority and responsibility to issue permits for utility accommodations on
Interstate and Statéighway ROWSs that may also include local streets within the local agency jurisdittion.
is the responsibilityf all utility ownersto obtain any pernstfrom theCDOT prior to performing any utility
accommodation worklhe State Highway Utility Accommodation Code serves as a guideline for safe,
efficient and effective joint utilization of State Highway R@WIr both transportation anutility purposes
(CDOT, 2009) The Codeestablishes a consistent statewide process for accommodaiitigsuiithin

ROWSsto ensure that such accommodations do not adversely affect user safety or otherwise impair the
operation, aesthetic quality or maintenance of the transportation facility, or conflict with applicable law.
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Concerninglie utility accommodation and airspace lease permit procedure, the Federal goveenguiees

the NEPA procestor the environmental analysis of new project development. It is expected that solar array
in ROWSs will not cause significant impacts; therefore, a c@sttytimeconsuming Environmental

Assessment (EA) would not be necessary and a more limited Category Exclusion (CATEX) would be
appropriate. An EA may be neede@fery large solar array asbeing considered falarge corridor and a
programmatic enviramental approach would be needed by CDOT. Some of the Environmental factors that
might be affected directly by the PV array are described here, and need to be assessed under the CDOT
NEPA process for solar array. Tleaergyprovider will need to coordinatelosely with theappropriate
regionalCDOT Environmental Managand other environmental representatives regarding potential
environmental impacts.

3.4Existing ROW Leases and PotentiaConflict with PV array Development

Before starting the PYArray projed, it is necessary to avoid any conflith existing projects and
agreements such as the potential location might alleadsbeen leased or there might be another
infrastructure planned or in plac@DOT should have its right to reuse the propaithout any burden if it
needs the space for future road expansion.
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CHAPTER 4. SOLAR ARRAY FIELD VISITS

In ColoradomanyPV array have beemstalledin recent yearsPV arraysnstalled on or near the ROW by
variousinvestorswere selected fahis researcltstudy. The orientations of the panels, site design, system
capacity, configurations and maintenance as well as related impactstudieglduring thefield study

visits.

4.1 CSU-P Solar Array

CSU-Pis the first publiauniversityin Colorado to deplog PV arrayto offset its energy demary

installing a ground mounted fl&V arrayin a utility scalg(with 1.2MW capacityon 3.4 acre ofland). CSU

P has monitoedthe environmental and other general impacts of the PV array in tloeisding areaince

its inception in 2008. The PV array is located on the northeast corner of the campus away from the campus
traffic andactivity area There were initial concerns that glare and view shed distractions would affect the
viewing of sportingevents at the adjacent stadium. Based upon monitoring and public feedback, no
problems associated with glare were encountered; however, the impact of glare or any other distractions
might be different under roadside conditions

Beyond glare, another cormroeof any PVarrayproject is its implications to the wildlife artbeir habitat.
The CSUP project location is surrounded by a wildlife area and is adjacent to a wildlife preserve.
Encountering coyote and other wildliée the preservis very commonbut no wildlife impacts have been
observed. There were initial concerns about PV performance related to rodents building their nests
underneath or around the panels which might have resulted in damaged wires from animal ddewing
such incidents have ba observedinceits installation in 2008.

Maintenance requirements of the system are minimal, which might be due to a relatively clean campus
environmentHowever, it is possible that frequency of maintenance requirements might be higher in the
highwayROW due to the air particulates from tail pipe emission of motor vehicles andegastitionby

the wind blowing from a desertdéds dry open space.
the high speeding vehicles during rainy and snoagsdarspoil the panel surface and/or corrode the

structure.

4.2E-470Toll Road

E-470 is a toll road on the east side of Denver connetitengorth and south sidef the metropolitan area
The privately owned highway provides easy acce&toverinternational Airport DIA) from the
metropolitan aredn 2012,PV arrays wereinstalledin 22 sitesalong a 17mile stretch of the toll road from
64th Avenue to GartreRoad.The 708kilo watt (kW) system supplies ordird of the operatioal power
needof thetoll road.

Figure4 shows &V arrayused to supply power to the traffic lights on Smoky Hill Road adjacent{tOE
ThePV panels are installed on the slope alongsidexitegamp.The le support structuns used for a
standalonearrayin a group of twelvganels Panels arerientated toward theouthto avoidshading from
each otheduring morning and afternoon surhe energyinvestorson E470won thefiSocial Responsibility
President's Awamlin 2013(IBTTA, 2013.
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Figure 4. Solar Array on E-470

4.3Denver International Airport (DIA)

DIA installedPV array adjacent to Pena Boulevard near the Terminal Buiidi2§l1l. DIA has both
tracking as well as fixed P#frayinstalled facing soutfilfhe DIA staff engineer pointed out that the tracking
systems exhibitnalfunctioning due to weather conditiofi$is has primarily been observedsabzero
temperatureduring winter monthsvhich freezes the liquid ithe hydraulicequipmenthuslimiting the
performance of the tr&og system. Th®IA PV arrayis privately owned and has fiaancialrelationship
with DIA operations. One of the main impacts noted was corrodithrearray structural framewarivhich
might bedue to deicing chemicats emissions from vehicle tail pipe

Thearrayis approximately 9@eetawayfrom the main Pena Boulevard guardrail near the East/West
Terminal split. More reflection was noticed from the array frame fittan the panelsTheDIA projectused
recycled concrete on  Ltakdd&wdas hoted tbat sSomeonbxiotshveed @ontrol &y
necessary. No bird issues associaté the solar array systemvebeen recorded-igure5 shows the
presence odwasp nesin some of thestructurepipes used for suppaostructuresvhich could present a
safety issue tthe maintenancerew.

Figure 5.Wasp Nestin Support Structure
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4.4 Northwest Parkway

The Northwest Parkwajocated in the northwestern portion of the Denwetropolitanarea, signed a 20

year power purchase agreement with an energy provider (Soltura Energy Gaypisal Xheir ROW for

energy generatiorninstalled in 2011 e solar arrawithint he Nor t hwe st ¢omprikedofay 6 s
sevenindividual systems that generatelé® of electricity. A separate caaictor(Bella Energy)was
responsibldor the construction anongoingmaintenancerThe following highlighs the discussioland field
observationsvith the Northwest Parkway Lead Engineer (Mark Shotkoski):

1 Thesolar panelswere facing in a southerly direction along ttwlway, orientingparallel to the
highway.

There isapproximately 35t. distance betweethe shoulder edge and the closest panel
Thegéfficiency of the panels does nsignificantlyimprove much aftepanelwashingand was
discontinued

No deicer impacts have been notedlmmsolar array structure

Coordination with the city of Broomfield was needed ficairie dog colony impacts

No snow drifting and depositional impacts on the roadway surfaceolserved

Solar panelngles are between -8 degreesand no glare impas have been noted by the engineer
and the traveling customers

It is important to placendcaps on metal cylindrical structural frameworkpteventinsect nests

A geotechnical study was performed tbe ground mounted structure design and construction
Erosion control during construction was required by the City of Broomfield

Fences were used to protect B¢ arrayfrom theft(as shown in Figure 6yazor wire was not used
due toaesthetics

= =4

= =4 =4 4

= =4 4 4

Figure 6. PV Array with Fence
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4.5Denver Federal Center (DFC)

The DFC installed an 8 MWlirect currentDC) solar arrayn 2008 which provides approximately 17% of
the DFCOs el ect Adomputbrbaseesystbra oparationwadimiigtenance program is in
placethatmonitorsenergy production and overalperationf the system (corrosion, contamination,
electric short and leakage, et@he following highlighs the discussion and field observations with the DFC
Lead Engineer:
1 The PV development was done under NEPategorical Exclusioandno major impacts were
identified
1 Some array panels were located adjacent to US 6 in close proximity to the ROW fencifig(see
7) and no driver complaints were received.
1 Panel cleaning is not performathceself-cleaning by rain or snow precipitatiseens to be
providing the cleaning function
1 The panels are not very reflective and may not produce any glare bifegtare was obserddrom
the frames of the system
1 Most of the DFC site has fences surrounding the array system with continuous area security;
therefore, no theft or vandain has been was reported so far
1 Evidence of panel breakage was observed inesofthe visited sites. The major causes of panel
breakage have been either due to manufacturer
or lawn mowing during which small rocks/pebbles break the panels upon impact
1 Noxious weeds are a problamder and near the solar panels; activeagetation was not performed
immediately after construction

Figure 7. Denver Federal CenterPV Array s

Denver Federal Cener Area 55 :

y §
=4

As shown inFigure7, four PV arraysites are located beside roadways; consequently, due to adjacency to
roadways, inevitable impacts on motorists such as glare may cause driver distFactimstration, a PV
array sited near the bridge adjacenhighway US6 is shown irFigure8. Glare from he PV arrayadjacent
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to the bridge could pose risto motoriss. A driver distracted byhe PV array could lose vehicle control in
an immediatenarrowed road and hit the guard rail of the bridge. Panels are supported in aluminum square

channels with a truss structure, as shown in Fi§uféeground below the panels contains grass, which
might need mowing once or twice a year.

Figure 8. DFC Solar Array Near Bridge Figure 9. DFC Support Structure Example

4.6 Air Force Academy

A 6 MW ground or polemounted system is installed in 32.4 acres locatettie northside of Colorado
Springs Coloradg adjacent to-25. The energy comparyunpower has installed matean19,000 PV
modules in this array systewhich has beem operationsince2011(AASHE, 2011) (Winkle, 2010) It is
observed that the public has encountered sopmveniencérom this systenand commentedn the
project websiteCDOT maintenancataff also reported an increasesnowaccumulatioron the road
potentiallydue to theenhance snowrifting andshade The PV arraylayout is shown in Figure 10.

Figure 10. PV Array on the Air Force Academy Baillie Amber, 2012
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4.7 Community-Owned SolarGarden (off 1-25 MP, 135.5 near Fountain)

The Community SolaGardemear Fountain, Coloradeas builtin 2013by Clean Energy Collective (CEC)
consising of 2,210 solar panels in 8.67 acgdand The500 kW system iorientedat a tilt angle of 40
degreesouthfacing El Paso County has granted a special permit in a variance of their land development
code. They require plannirgf landscape, hazardous material handling, mowing and weed control, opaque
fencing toward the neighborhood side, and drair{@ean Energy Cétctive, 2013. Figurell shows the

PV solar garden, which is adjacent to the highWdnys sitewasusedas a modedor a glare analysis, which

will be presentedh Section(5.4.7).

Figure 11. Community Solar Garden Adjacent to 25

For moreinformationon thefield visits regarding the site conditions, physical characteristics and modeling
variablesand expert interviewseeAppendixE.
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CHAPTER 5. IMPACTS OF ROW PV ARRAY

PV technology is relatively satend is implemented with few impactdowever installing constructing,
operating andanaintainingPVsin ROWSs might poseunique impacts as discussadhe previous chapters. In
this chapterpotentialimpactwithin the ROWwill be grouped under three categorigsdriver safety2)

road maintenance ar3j environmental impacts.

5.1 Driver Safety Impacts

Drivers have cedin expectatiogwhile drivingon a freeway. Adequatgightdistance, proper signage,

smooth traffic flow, limited distractions, smooth road conditjavel|-disciplined fellow drivers and well

managed ROWare desirabland expectednstallingPV array within ROWs may compromise these
expectations and can introduce other undesirable experiences. Some of the undesirafledactorsd r i v e r
safetyidentified in this researclarepresented here.

5.1.1Driver Distraction

Driving requires full attention toontrol the vehicle and spondto thechanges in traffic dynamics such as
approaching a slower vehicl®maneuveng in acurve on the roagyroviding space fomerging vehicles, etc

To perform these taskscanstant coordination between eye, mind, ardlyl® essentialAny distractions
thattakead r i v e r 60 sawagftom therbaitboafew secondsould leado an accident. Driver

distraction is one of the major causes of vehicle crasitesh could becausedy visual (eyes off the

road), cognitre (mind off the road), and manual (hands off the steering wheel) malfufC#ogov, 2011)
Eighty percentf crashes and 65% of neenashes involve some form of driver distraction that occurs within
three seconds before the vehicle crash. Looking at an object or event outside of the vehicle is one of the
principal actions thatausedistracted driving which leads to vehicle crasfdidTSA and VTTI, 2006)

The US Department of Transportation's National Highway Traffic Safety Administration (NHTSA) reported
33,561 highway deaths in 2012, which is an increase of 1,082 from the previous year. The number of
fatalities caused by distractienelated crashes decreased slightly from 3,360 to 3,328 in the same year, while
the number of injuries increased to 421,000 pefypla 387,000,a 9% increaséor 2012(NHTSA, 2013)

Most of the DOTs havset goalgo decrease these incidents, and PV array deployment stauidpede

their goal.The unexpected view of a PAfray maycatch the sudden attention of drivers while approaching a
PVarraysi t e and cont r i byhoeevdr this mbtentiampactss dot significant aadccani o n
be easily mitigatetdy signage or proper placement of the arrays.

5.1.2 FixedStructure Within/ Near the Clear Zone

A fixed structure nedheroad increaseastherisk of accidentsand driver fatalitiesIntroducing a stationary
objectnext toa highspeed roadway is unsads acardeviatng from the road may hit the stationaoigject
resultingin fatal accidents due to the higher momentum of the spgedr. A fixedstructuresolar array

may increase driver fatalities or injuries if introduced within the clear zone without barrier protection or
adequate distance.
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In addition the PV arraymayblock animal migration or daily routes. Th&ppedanimals carbecome

confusel andrun intotraffic. Similarly, introduction o PV arrayin ROWs might alter mowing and other
maintenance activities he change i n maintenance act iGrasheyy coul
due to road maintenance equipment and wild animals atsctarmaround 0.29% and 14.54% of total

accidents respectively in 20{CDOT, 2011)

5.13 Light Reflection- Glint and Glare

Glint is defined as a temporary flash of light, while glare is defined as a continuous source of excessive
reflected radianceSolar glare causes nearly two hundred fatalities and thousands of accidents involving
motor vehicles on averagaeh yearThe mpacts of glarécom PV arrayinstallations can range from
discomfort to disability(Clifford, 2013)

Albedo is the unit of the measure of refleitti, which is the ratio of solar radiation across the visible and
invisible light spectrum reflected by a surface. Albedo varies between zero (surfaces that reflect no light) to
one (a mirroflike surface that reflects all incoming lighf)ae monecrystdline silicon wafers which are the
basic building block of most PV modules absorb wu
spectrum(GoodCompany, 2011)Solar panels with a single antflective coating hae an 0.10albedo

(sand: 0.18).45, agricultural vegetation: 0.18.25)(Budikova, May 8, 2010)This suggests that the solar
panels have a lower reflectivity than the prevailing ground caresr;agricultural crops, et¢seeTable 3
AppendixF, for detaiedlist).

PV cells areencapsulated and covered with a transparent cover film. These protective layers reduce the
amount of reflected light from photovoltaic modules. Most solar panels are now designed with at least one
antireflective layer and some panels have multiple layeiRV arraydoesn ot  si gni fi cantl vy
current amount of reflected indirect sunlightywever their orientationmaycreate glare or glint at certain
viewing pointsin certaindaylight conditionsPV array have a potential of flash blindness, which can cause
temporary vision impairmenf high-speed driver with temporary vision impairment migisevehicle

control resuling in a crash.

5.14 Snow Dirifting

Snow deposition on the highway is a major conterne CDOTMaintenance. The installation of a PV
array along the highway ROW might affeloe existing snow drifting and depositionaédtterrs therdoy
increasing ice and snow build up on the roadmakingtheroad more slipperyiceontheroadslowerstire
gripping andcau®sloss invehiclecontrol Car pileups anccollisionincidents are high during wintecyl
road conditionslow down the flow of traffidfor safe driving and increase the travel time. In additn,
arrays may alter theatural wnd flow; thewind may bring more snow flurries to the road causing visibility
problems to driversAccidentratesin Coloradoin 2011due to different weatheonditionsare shown in
Figure 2.

23



Figure 12. 2011 State HighwayCrashes due to Weather Condition in Colorado
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As shown inFigure R, state highway crashes in snowy weather conditimeapproximately 9.3% of the
total road accidentshe highest in comparison twther weather conditions in Colora@DOT, 2011) To
better understanshow drifting behavior and impacts, estimatihngsnow accumulation season is vital.

Snow accurnalation season is the period of drift growth that begins with the first blowing snow event that
causes drifts to persist through winter, and it ends when snow drifts reach maximum volume for winter. The
snow accumulation season is delimited by dates \legaverage air temperature reaches 0°C, as computed
using mean monthly temperatu@abler, 1994a)Snow drifting depends upon the snow mass flux,
concentration, height, and wind veloci8mow impact analysis is presented lgi8ection5.4.2)

5.2Road Maintenance Impacts

Road maintenance activities include bugnotlimitedto mowing during summer, snow plowing during
winter, maintenance of drainages, repairing of pavement, fixindgpaitding fencesandroad structures. The
ROW serves as a buffer between the traveled way and adjacent private gi©op&fy, 1979) The ROW
maintenance approacised by CDOT depends on the location of the highway (rural or urban) and the land
use sharing the border with the ROW.

A PV array might have an impact on road maintenantleessrayframeworkandassociatedecurity

fencing might alter the mowing opei@ts within the ROW. Mechanized equipment is used to perform
mowing operations along tiROW, andseparate standards are used for urban and rural highways. The
grasses on the ROW are usually maintained at a height between three inches and six incbdsaim the
areas, while mowing along rural highways are maintained at a height between four inches and tem inches
all areaof the ROW starting from the pavement edG®OT, 1979) The mowing operation is carried out

at least once a year otherwise when necessary. The presenceRd arraywill limit the movement of the
mechanized equipment thereby limiting lasgale mowing operationSnow plowing is done fanow

removal, which normally deposithe snow alongside the roadgthin the ROW There may not be enough
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space to deposit the sndilvthe array securityence is closer to the roads the space is occupied by B¢
array

5.3Environmental Impact Analysis
5.3.1Wildlife and Habitat

Installation of @V arrayon theROW may limit wildlife movementjncludingmigration of deerantelope,
and elk. Long continuous sectionisPV array especiallywith the security fenag, may present a
significantbarrier.Sensitive terrestrial environmerguch aghe shortgrass prairie ecosysterior which
CDOT has &0-year hological mitigation program, may be impactedheTintroduction ohoxious weeds
caused by ground disruption during construction at tbggir site might invade the native ecosystems.

The main impact to wildlife and habitat stems from the landasprint used by the PV arrayhe

vegetation of the site may léteredandthe soil may become exposed to erosion dueng after solar array
construction. It is possible that trees and shrubs may need to be removed to provide adequate solar array
exposurealtering wildlife habitabr removing natural snow barriersliding spots, preying strategynd

food availability has the potential of Ingi affectedand thus the habitat conditions of the land may be

altered. Therefore, it is necessary to avoid placing array systems in known animal migration routes or
wherever threatened and endangered (T&E) spetigsbe encounteredn initial site assesment of

potential solar arraystallation sites should be carried out to avoid or reduce impacts.

5.3.2Water Resources

Impacts to gedydrological resources include topsoil erosion, increase of sediment load to receiving streams
and the need for increassidrmwatemranagement. Concentratadrmwaterflows may result from
rainstorm/snowmelt events running off the solaaypanels that can cause localized erosion, vegetation
impacts and water quality problems. Removal of vegetation increases runoff to streams from rainfall and
snowmelt. Thus, precautions should be taken in the removal of vegetation at a PV array site. The
establishment of native vegetation under the PV array panels should be encouraged to prevent erosion, soil
transport and introduction of noxious weediacement of arrashould be avoided withif0 feetfrom

surface water systemStormwatershould bemanaged according to CDOT specifications and CDPHE
stormwaterpermit regulations.

A site feasibility study of th©DOT West Linn solar highway project proposed to arrathgd’V arrayin

rows and establish twenfgot vegetated strips in between panel sdw allowstormwaterinfiltration.

Shallow bieswales along each row were proposed in the project. Estoessvatemot absorbed by the
vegetated strips will be directed into the-Bigales which in turn are directed into a proposed ditch. The

study contuded that the proposetbrmwatermanagement will improve drainage flows in the project site
(Company, 2010)As an alternative, it is possible that gravel bedding could be used below the array systems
to support infiltration ostormwaterrunoff depending upon site conditions.
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5.3.3Hazardous Waste

After aPV array s uaperdtianadlife, PV cells should be recycled to prevém introduction of

materialsnto the environmerguch as cadmium, arsenic, and silica particles contained within the cells. Any
mishandling of PV panels during installation and maintenance of PV modules can caage tlacells and
expose the toxic chemicals into the air, which can hurt the public and environment duriteyiong

exposure. For example, inhalation of silica dust (0.3r)gaver long periods of time (> 8hrs) can lead to
silicosis, a disease that cassear tissue in the lungs and respiratory de¢@tHA, 2002)

5.3.4Fire Potential

The fire hazard potential of growmdounted PV infrastructural materials (e.g., phosphine, dilegran
cadmium), and theimproper disposal, presents an additional challenge to minimizing the environmental
impacts ofasolararray (Hernandez et al., 20L4ire hazarddue to electric arcingsaaiatedwith loose

wiring connections, short circuits due to animal chewing and extstinalli might be achallengeThe State

of Colorado has a range of arid to semiarid regions avifttord number of wildfe incidents every year.
Defensible spacaround a PV arragan help protedhearray from forest fires as well as protecting the
forest from igniting if the solar array system catches Titas is particularly true in light of the dramatic
increases inhe frequency and intensity of wild land fires in arid and semiarid re@itermandez et al.,

2014)

5.35 Noxious Weeds

Construction o PV arrayproject as with any constructiomight bringnoxious weeds o the project

area Machinery, vehicles, people, livestock, wildlife, wind and water can all transport seeds from existing
infected areat new sites. Once established, noxious weeds aggressively invade adjacent areas.
Consequently, thedereign plants have no natural constraints to keep them in balance with the native
ecosystemandthey quickly overtake and replace indigenous plants and dominate entire landscapes. Various
rules and regulations are established by the State of Colorddmanties to deahanagenoxiousweeds.

By reducing the land's ability to sustain native vegetation and water resources, noxious weeds deprive
wildlife from food, water and habitat. These weeds can cause health problems in humans and domestic
animals. Sme weeds that are namoxious may still cause problems. For example during windy weather
conditions, tumbleweexblown away by windgreate'tumbleweed blizzards" on the highway interfering
with traffic by creating a nuisance to drivegcumulationof theseplantsupon the PV array might increase
themaintenanca@eed of the ROW.

5.36 Microclimate Change

Solar panels have low reflectivity and convert a fraction of insolation into heat, which leads to a
microclimate change, raising temperature locally in the surrounding environment. The rise of temperature is
caused by the infrared component of solar razhaf he sirface of a PV module may attain a temperature up
to 70e C whi ch i snthe antdient temperatunetahdyesiithegtingehe sutrdurading air
(Chiabrando et al., 2009y he microclimate impacts are not likely to be an issue for most RU\Atrays,
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but it might beexperienced in largscalePV array installed in urban areas amdareas with high insolation
levels such as deserts.

5.3.7 Noise

Noise is defined as an unwanted sound which interferes with or disrupts normal activitiegerbong
exposure to high lel® of noise causes hearing loss. The individual human response to environmental noise
is based on the sensitivity of the individual, along with the type and time of noise.

The scattered noise afground mounted PV array comes from the inverter and tnansfo The inverters

and transformers make a humming sound during operation for generation of electricity in the daytime. The
sound of transformers and inverters is inaudible at 50 tdeEi@om the boundary of the arragi¥lass.gov,

2012) Noise impacts can be mitigated using enclosures, shielding and placement of thgesmrating
equipment ossite. Siting of noisegenerating equipment gitical asthe sound impact can be reduced by

half by doubling the distance to the receptor. In some areas both in the U.S. and Canada, sound impact
analysis is required as part of the permitting process for RWgarray. For example, in the Province of
Ontarb, Canada, any project greater than 12 MW is required to perform a sound impact &Dalgsie,

2009) Howeverthenoise level of &V arraywill not be higher than the traffic noise.

5.4Modeling and Analysis

From theliterature searchmpact studyit is evident that glare and snow drifting are the critical fadtoas
need to be considered when implementifiR)aarray systemConceptual site assessments and/oNBBA
processhouldmodel potential sites for glare and snow drift analy&ishelpunderstand these impacts,

glare modeling was completed gbatential future PV arragite andat an existing PV arrasite

5.4.1 Glare Analysis

Site1: 1-70 West of Limon, Coloraddile Post 358.2)

This project studyarea is located west of Limp@oloradoat mile pst358.2 along470and is on theorth

sideof theinterstate Theavailable ROWspace is 32&etwide from the edgef the shouldeand

approximately 110@eetlong. Two rows of small tree€l0-15 feet higl) were observed at the mi@dof the

ROW. Infrastructure fostormwaterdrainage andrigation waspresenandgrasscoveedthe entireproject

study sitearea. Animal bones and snake skins on the ground indicates the preseitdifefin the vicinity.
Varietiesof plants such as barley were seen to be growittga large presence of insects such as locusts

and bugsThe ROW also hadlarge amount of trash from the driving motorists. The barbed wire fence at an
approximate height of-3.5feetabove ground levavas used as a ROW boundary. Lbmwng ROW land

was observed in comparison to the elevation of the highway, which might help to avoid snow deposition and
snow driftingonthe highway.
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Modeling a Conceptual Solar Array

A hypothetical solar arrapstalled on the north side bf70 facing southpresents @robabilityof reflection
from the panel$o theroad that couldmpactpassing by motorist3 he site is modeledsing a11,610 fixed
tilt PV solararrayhaving an estimated power capacity & RIW. A glaremodelinganalysis was performed
to assess the potential impafthe PV arraydyoutas shownn Figure 13

Figure 13. Conceptual Solar Array (Limon, Colorado)

As shown inFigure 13a30 ft. width from the edgef pavement was kefpor theClearZone Southfacing
panelsare installed in multiple rows aligning easéstwith spae providedfor existing trees in the middle.

The anount of glare antheresulting ocular hazard depends upon the intensity of the(tigfimial

irradiance) (W/crf) and viewing angle (subtended angRetinal irradiance (W/cRy is the solar flux

entering the eye and reaching the retina which is a function of irradiance at the cornea (front of eye). The
subtended angle is the size ofrglaource divided by distance from the observer (9.3 (nmdbradian) for

sun). In case of PV, the subtended angle is the ratio of the distance between the obstre@\Vaadday

and glare sizésize ofglarefrom PV or frame) As thecar (driver) moves with respect to tH®/ array glare
startsfrom a certain point and increases togesak With the change in position of the moving car the glare
will decrease andisappear after some time (glaeero tohighestand highesto zero). Solar receers

produce more diffuse reflections with lower solar intensities but greater subtended angles. Therefore, the
potential impact of different retinal irradiances is defined as a function of subtengledndis dependent

upon the distance¥he glare impct commonly expressed asutar hazard has three level3:normal
brightness?) potential of flash blindness, adjlpotential for permanent eye damagke minimal retinal
irradiance value that can cause flash blindness isi0001 W/cn?. The visuarecovery times would be
between 412 seconds depending on the solar irradigrameging from 711 W/n¥) at the eydClifford,

2010) Detail information orflash blindnesgotential is presented ippendix E.

To estimate the amount of glare severity and occurrence tithegsedimensional geometrical model of the
conceptual array system and site characterigticssreated as shown Figure 14
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